The molecular structure and infrared spectrum of the atmospheric pollutant 1,1,1-trifluoro-2-chloroethane (HCFC-133a; CF 3 CH 2 Cl) in the ground electronic state were characterized experimentally and theoretically. Excited state calculations (at the CASSCF, MR-CISD, and MR-CISD+Q levels) have also been performed in the range up to ∼9.8 eV. The theoretical calculations show the existence of one (staggered) conformer, which has been identified spectroscopically for the monomeric compound isolated in cryogenic (∼10 K) argon and xenon matrices. The observed infrared spectra of the matrix-isolated HCFC-133a were interpreted with the aid of MP2/aug-cc-pVTZ calculations and normal coordinate analysis, which allowed a detailed assignment of the observed spectra to be carried out, including identification of bands due to different isotopologues ( 35 Cl and 37 Cl containing molecules). The calculated energies of the several excited states along with the values of oscillator strengths and previous results obtained for CFCs and HCFCs suggest that the previously reported photolyses of the title compound at 147 and 123.6 nm [T. Ichimura, A. W. Kirk, and E. TschuikowRoux, J. Phys. Chem. 81, 1153 (1977)] are likely to be initiated in the n-4s and n-4p Rydberg states, respectively.
I. INTRODUCTION
Hydrochlorofluorocarbons (HCFCs) and hydrofluorocarbons (HFCs) have been used as promising substitutes for chlorofluorocarbons (CFCs) due to their less harmful effect on the ozone layer, as compared to the latter compounds. [1] [2] [3] [4] However, both HCFCs and HFCs are important greenhouse effect gases 5, 6 and, thus, have been included in the Montreal Protocol 7 and marked to have their production stopped by 2020. 8 In contrast to CFCs, HCFCs, and HFCs have C-H bonds and are susceptible to be attacked by OH radicals in the lower atmosphere. 9, 10 The target compound of the present study, 1,1,1-trifluoro-2-chloroethane (HCFC-133a; Figure 1 ) is an important industrial precursor of CF 3 CH 2 F (HFC-134a), which is of major economic importance. 9, 11 Several reactions involving the ground state of HCFC-133a have been investigated. Setser et al. 12 have studied the decomposition of this compound through the use of the infrared multiphoton absorption technique, and identified three main reaction channels: (a) fourcentered HF elimination, (b) three-centered HCl elimination, and (c) C-Cl homolysis. Later on, Rakestraw and Holmes 13 have measured the rate constants for these three reaction channels by using activated molecules prepared through the combination of CF 3 and CH 2 Cl radicals. The obtained rate constants were then compared with predictions from the RRKM theory. Einstice et al. 14 have investigated the HCFC-133a isomer, CF 2 ClCH 2 F. They prepared activated CF 2 ClCH 2 F * a) Authors to whom correspondence should be addressed. Electronic addresses: elizete@quimica.ufpb.br and rfausto@ci.uc.pt molecules through recombination of CF 2 Cl and CH 2 F radicals, and observed, among other two reactions, isomerization of the compound to CF 3 CH 2 Cl by the interchange of F and Cl atoms. Wang et al. 15 have studied the hydrogen atom abstraction reaction by the fluorine atom in the title molecule. Zhao et al. 16 have studied the same type of reaction with chlorine. Studies concerning photochemical reactions of CF 3 CH 2 Cl are much scarcer. One single example has been found in the literature. Ichimura et al. 17 have studied the photolysis of CF 3 CH 2 Cl at both 147 nm (8.43 eV) and 123.6 nm (10 eV). Those authors reported molecular elimination of FCl, HCl, and HF with relative yields depending on the excitation wavelength, and interpreted the obtained results in terms of the preferential formation of a Rydberg state as the photon energy increases. Indeed, the excitation energy of 8.43 eV is consistent with formation of a valence (nσ * ) state, 18 while 10 eV is a value in agreement with the formation of a Rydberg state. 19 The photolysis of CF 3 CH 2 Cl observed at these two wavelengths is also consistent with data obtained for similar molecules. For instance, photolysis of 1,1-C 2 H 4 Cl 2 for wavelengths longer than 220 nm shows very low yields, 20 while for 3,3-dichloro-1,1,1-trifluoropropane (CF 3 CH 2 CHCl 2 ; HCFC-243) photolysis at wavelengths longer than 235 nm did not lead to any photochemical reaction. 21 Despite its importance to the understanding of the photochemistry of the title molecule, to the best of our knowledge no previous theoretical studies concerning its excited states have been reported hitherto.
In the present investigation, the molecular structure, vibrational spectrum, and excited states of CF 3 CH 2 Cl have been studied by a combined matrix-isolation infrared spectroscopy FIG. 1. MP2/aug-cc-pVTZ optimized structure of HCFC-133a with atom numbering (hydrogen atoms correspond to numbers 3 and 4). and molecular orbital calculations approach. This article is divided in two parts. In the first part, the structure of CF 3 CH 2 Cl is characterized both experimentally and theoretically. In the second part, several important properties of the excited states in the range up to ∼9.80 eV are presented and discussed. These properties include vertical excitation energies, oscillator strengths, and the weights of the relevant configurations. The main purpose of this second part is to assess the nature of the excited states involved in the previously described photolysis of CF 3 CH 2 Cl.
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II. EXPERIMENTAL AND COMPUTATIONAL METHODS
A. Computational details
In the first part of the computational studies performed in the present investigation, ground state geometry optimizations and vibrational calculations have both been performed using Gaussian 09, 22 at the second-order Møller-Plesset (MP2) 23 level of approximation with the aug-cc-pVTZ basis set (Table I) . 24 The obtained stationary points have been characterized through analysis of the corresponding Hessian matrix.
Normal coordinate analysis was performed in the internal symmetry coordinates space, as described by Schachtshneider and Mortimer, 25 using the structural data and Cartesian force constants resulting from the MP2/aug-cc-pVTZ calculations. The Cartesian force constants were converted to the space of symmetry coordinates described in Table II , in order to allow for calculation of the normal modes of vibration and their respective potential energy distributions (PEDs). The program used to undertake these calculations was a non-commercial locally developed program. The internal coordinates used in this analysis were defined according to the recommendations of Pulay et al. 26 In the second part of the performed computational studies, the ground and ten singlet excited states have been computed using the geometry optimized at the MP2/aug-ccpVTZ level. The ground state electronic configuration of the
The chlorine atom 3p y and the 3p x orbitals can also be named n y and n x , respectively. The symmetry plane corresponds to the yz plane, and the z axis is in the direction of the C-Cl bond. The actual symmetry of the molecule (C s ) has been used in all (6) CF (8) ) 108.0 108.0 107.0 a Symmetry of the structures: C s . Bond distances in Å; bond angles in degrees. F (7) corresponds to the fluorine atom anti (in staggered structure) or syn (in eclipsed structure) to the C-Cl bond; F (6, 8) represent the two fluorine atoms gauche or skew to the C-Cl bond in the same structures. b C-F bond lengths assumed to be equal. 44 c Assumed parameters. 44 the calculations. The list of studied excited states includes the following pairs (one of A and the other of A symmetry) of quasi-degenerate states: n x σ * and n y σ * (valence), n x 4s Cl and n y 4s Cl , n x 4p xCl and n y 4p xCl , n x 4p yCl and n y 4p yCl , n x 4p zCl and n y 4p zCl (the latter eight states are Rydberg states). Due to a considerable admixture between Rydberg and valence orbitals (of Cl and C atoms) a classification of the Rydberg states is not straightforward. However, the quantum defects of the 4s and 4p Rydberg states obtained from our highest level results (at the MR-CISD+Q level) are consistent with the values obtained for the s and p series of the chlorine atom, 27, 28 as it will be discussed later.
The first step in the performed calculations consisted of a complete active state-averaged (CASSCF) calculation 29 where the same weight was given to all states considered. The active space for the CASSCF calculation consists of twelve electrons distributed in all possible ways (consistent with spin and space symmetry) among the σ (C-Cl), σ * (C-Cl), n x and n y (Cl lone pairs), and the 4s, 4p x , 4p y , and 4p z Rydberg orbitals. In order to generate the configuration state functions (CSF) to be used as reference functions for the MR-CISD calculations, the σ , σ * , and Cl lone pairs orbitals have been included in the complete active space (CAS), while the four Rydberg orbitals have been included in the auxiliary (AUX) space; the restriction that only single CAS → AUX excitations were allowed.
The K shells of the C and F atoms, along with the K + L shells of the Cl atom, have been included in the frozen core (FC) space. Such choice was based on previous results obtained for the CF 3 Cl molecule. 19 Indeed, for the n4s and n4p Rydberg states of this molecule, the aforementioned choice for the FC space was shown to lead to essentially the same results as those obtained if only the K shells of all atoms were included in the FC space. 19 The final expansions for the 
a See Figure 1 for atom numbering. r m,n is the distance between atoms m and n; α m,n,l is the angle between vectors lm and ln; τ m,n,l,o is the dihedral angle between the plane defined by atoms m, n, l and the plane defined by atoms n, l, o; s. = symmetric; as. = antisymmetric; ν = stretching; δ = bending; γ = rocking; τ = torsion; w = wagging; tw = twisting. Normalizing factors are not shown.
MR-CISD wavefunctions were built from the reference CSFs and all single and double excitations thereof into all virtual orbitals. The symmetry of the reference CSFs was restricted to the state symmetry, and the interacting space restriction has been used. 30 The aug-cc-pVDZ 31 and d-aug-cc-pVDZ 32 basis sets have been used for the second row (C and F) and Cl atoms, respectively. The doubly augmented orbitals (which are used to describe the Rydberg orbitals) have been centered on the Cl atom, based on previous results obtained for the CF 3 Cl molecule. 19, 27, 33 Similarly to what has been obtained for the CF 3 Cl molecule, preliminary results indicated that the location of the basis set used to describe the Rydberg orbitals is of secondary importance.
The CI dimensions treated in this work are ∼86 × 10 6 (A symmetry) and ∼74 × 10 6 (A symmetry) CSFs. Sizeextensivity corrections have been considered by means of the generalized Davidson method (MR-CISD+Q). 34, 35 The COLUMBUS program system [36] [37] [38] [39] was used for the CASSCF and MR-CISD calculations. The atomic orbitals (AO) integrals and AO gradient integrals were computed with program modules taken from DALTON. 40 In order to further test the accuracy of our highest level results (at the MR-CISD+Q level) the vertical excitation energies obtained at this level have been used to calculate the quantum defects for the 4s and 4p Rydberg states, through fitting to the Rydberg equation:
where E and IE are the vertical excitation and ionization energies, respectively (in Hartrees), and n and δ l are the quantum number (n = 4 for 4s and 4p states) and the quantum defect, respectively. In Eq. (1), the l subscript indicates the main dependence of the quantum defect on the quantum number l. The ionization potentials have been obtained through exponential extrapolation 41, 31, 42 of the energies of the cation and the neutral molecule (at the MP2 level using the augcc-pVDZ, aug-cc-pVTZ, 24 and the aug-cc-pVQZ 31,24, 43 basis sets) to the complete basis set (CBS) limit.
B. Experimental details
Gaseous HCFC-133a was provided by ABCR GmbH & Co.KG (purity 99%) and used as received. The infrared spectra of the compound have been obtained using the cryogenic matrix isolation technique, with both argon (N60; Air Liquide) and xenon (N48; Air Liquide) as isolation media. The spectra were registered with 0.5 and 0.25 cm −1 resolutions in the range 4000-400 cm −1 , using a Mattson (Infinity 60AR Series) Fourier-transform spectrometer, equipped with a deuterated triglycine sulfate (DTGS) detector and a Ge/KBr beam splitter. The sample compartment of the spectrometer was modified in order to couple it with the cryostat head and allow purging of the instrument by a stream of dry nitrogen for removal of water vapor and CO 2 .
Prior to the preparation of the HCFC-133a matrices, the vapor of the compound was premixed with the matrix gases (Xe or Ar) in solute-to-matrix ratio of 1:1000. The gaseous mixture was then deposited onto the cold (∼10 K) CsI window of a cryostat based on a closed-cycle helium refrigerator (APD Cryogenics) with a DE-202A expander. The temperature of the CsI window was measured directly at the sample holder by a silicon diode sensor connected to a digital controller (Scientific Instruments, model 9650-1).
III. RESULTS AND DISCUSSIONS
A. Structural results for the ground state
The ground state structure of HCFC-133a has been investigated before both experimentally (by microwave spectroscopy) 44 and theoretically (at the MP2/6-311G * * and HF/3-21G levels of approximation). 45, 46 In this molecule, the conformationally relevant degree of freedom is associated with the internal rotation about the C-C bond. As expected, the staggered structure (with 3 equivalent-bysymmetry forms) is the minimum energy structure, while the eclipsed structures correspond to the transition states separating two symmetry-equivalent minima. In comparison to the value obtained for ethane at the same level of theory (MP2/aug-cc-pVTZ level), 47 the rotational barrier in HCFC133a (18.4 kJ mol −1 ) increases by ∼6 kJ mol −1 , mostly due to the increased electrostatic hindrance between the negatively charged F and Cl atoms in the transition state. 48 The obtained value for the rotational barrier is lower than the previously reported theoretical data (within the 21.7-28.4 kJ mol −1 range), 46, 48, 49 but agrees well with the experimentally determined value (19.1 kJ mol −1 ), estimated from the observed Raman torsional frequency. 50 The obtained optimized geometrical parameters for both the minimum energy structure and transition state are shown in Table I . The experimental available data for the minimum energy structure 44 are also provided in the Table I , for comparison. In the microwave spectroscopy study, the C-H bond length and the HCH and HCC angles were assumed and the three C-F bonds were considered to have equal length. 44 Nevertheless, as can be seen in Table I , there are no major differences between the calculated structural parameters and the experimental ones, except for the C-Cl bond length, which is predicted by the calculations to be somewhat shorter (1.766 Å) than the experimentally reported value (1.787 Å).
The comparison of the geometries obtained for the staggered and eclipsed conformations of HCFC-133a (see Table I ) clearly reveals the effect of the above mentioned repulsions between the CF 3 and the CH 2 Cl fragments, which lead to an elongation of the C-C bond (by ca. 0.02 Å) and increase of the FCC and ClCC angles (∼2
• ) in the transition state structure.
B. Infrared spectra
The minimum energy structure of HCFC-133a belongs to the C s symmetry point group. The molecule has 18 vibrational modes, all formally active in the infrared region, and spanning the irreducible representations 11A + 7A . According to the calculations, 14 modes should give rise to bands in the 4000-400 cm −1 spectral range, while the 4 lowest energy vibrations should absorb below 400 cm −1 , i.e., beyond the spectral range investigated in the present study. With a single exception (the very low intensity νCH 2 anti-symmetric stretching) all modes expected to absorb above 400 cm −1 could be assigned to spectral bands for the compound isolated in argon matrix, while in xenon matrix, 11 modes could be successfully assigned. Table III presents the proposed assignments, along with the potential energy distributions (PEDs) resulting from the normal coordinate analysis and spectroscopic data obtained previously for the compound in the gas phase (both by infrared and Raman techniques).
51-55 Figure 2 shows the experimentally observed spectra (for the compound in both argon and xenon matrices), and compares them with the calculated (at the MP2/aug-cc-pVTZ level) spectrum for the minimum energy structure of the compound.
As can be concluded from Figure 2 , as well from the data shown in Table III , the calculated spectrum (with wavenumbers scaled by a single scale factor equal to 0.975) shows an excellent agreement with the experimental data. In general, the experimental bands show a multiplet structure, but the theoretical results were able to reproduce well both the wavenumbers (once duly scaled) and relative intensities of the observed bands. The origin of the structures exhibited by the experimental bands is due to several effects. As a common effect to most of the bands, inhomogeneity of the matrix trapping sites 56 gives rise to band splitting. This explains the different number of component-bands observed in some cases in the spectra obtained in argon and in xenon matrices (see Figure 2 ), since this effect is strongly dependent on the matrix media. In addition, some of the bands are split due to Fermi resonances, and/or isotopic splitting due to presence of the chlorine atom in the molecule, as discussed below. In spite of the minor differences resulting from matrix-site splitting, the spectra obtained in argon and xenon matrices are qualitatively identical (as usually, the bands in the spectrum obtained for the compound in the xenon matrix are slightly redshifted compared to their position in the spectrum of the argon matrix), so that in the following discussion one will center on the comparison of the experimental spectrum obtained in argon with the theoretical results.
The experimental spectra of the compound are dominated by 5 intense bands (or groups of bands) appearing within the 1500-1100 cm −1 region. The first and third of these bands in decreasing order of frequency are ascribed to modes where the wCH 2 wagging and νCF 2 symmetric stretching coordinates are extensively mixed (see Tables II and III) , while the second and fifth bands of this series correspond to modes where the twCH 2 twisting and νCF 2 anti-symmetric stretching coordinates are coupled. The most intense band (being also the feature exhibiting the most complex band-structure) is due to the stretching vibration of the C-F bond in the anti position to the C-Cl linkage. As noticed, all these intense bands have large contributions from the stretching of the highly polarized C-F bonds (calculated APT charges at C(1), F(6,8) and F(7) atoms are 1.540, -0.508, and -0.554 e, respectively; for comparison, APT charges on C(2) and Cl are 0.183 and -0.206 e). It is interesting to note that the coupling of the internal oscillators associated with the C-F bonds with other oscillators within the molecule was found to be considerably different for the C-F bonds placed anti or gauche relatively to the C-Cl bond. From the analysis of the PEDs shown in Table III , it can be concluded that, from the vibrational point of view, the trifluoromethyl fragment in the studied molecule is in fact better described as a CF 2 F than as a CF 3 group. This conclusion is also consistent with previous experimental observations by 19 F NMR spectroscopy, 46 which J. Chem. Phys. 139, 204302 (2013) Table II ; s. = symmetric; as. = antisymmetric; ν = stretching; δ = bending; γ = rocking; τ = torsion; w = wagging; tw = twisting. b PED's lower than 10% are not included; calculations for the 35 Cl isotopologue. c Underlined wavenumbers correspond to the most intense component of the group of bands assigned to a given mode. d Band assigned only to 35 Cl containing isotopologue. e Band assigned only to 37 Cl containing isotopologue. f In the original work 54 the assignments for these two bands were the reverse; this was corrected based on the Raman polarization ratios of the two bands. had demonstrated that the trifluoromethyl group is in fact better described as an F A F B F B HH type spin system. Furthermore, the non-equivalence between the fluorine atoms was also pointed notice in the rotational microwave spectra of the compound. 44 Another common feature to three of the most intense five bands appearing in the 1500-1100 cm −1 spectral region is the fact that their multiplet structure results partially from Fermi resonance interactions. This happens in the case of the bands described as "wCH 2 ; νCF 2 s.", "νCF 2 s.; wCH 2 ", and νC-F in Table III , which are coupled by Fermi resonance with the νC-Cl + δCF 2 (798 + 535 = 1333 cm −1 ), 2wCF 2 (2 × 638 = 1276 cm −1 ), and νC-Cl + δC-C-F (798 + ∼355 = 1153 cm −1 ) tones, respectively. These assignments are in agreement with observation of multiple bands in these positions also in the gas phase spectra of the compound.
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The predicted medium intensity bands correspond to the δCH 2 mode (around 1450 cm −1 ) and to the set of 4 bands appearing in the 1100-600 cm −1 region, described in a simplified way in Table III as corresponding to the γ CH 2 (νC-C, mixed with νC-Cl and νCF 2 s.), νC-Cl, and wCF 2 modes. Except for the δCH 2 mode (which is essentially localized on the methylene fragment), all these average intensity modes have significant contributions from the C-F stretching coordinates, the large polarization of the C-F bonds contributing considerably to determine the relatively large intensity of these bands too. The two modes with significant contribution of the νC-Cl coordinate are those predicted theoretically to exhibit the largest isotopic shift due to different masses of the two isotopes of chlorine ( 35 Cl and 37 Cl) present in the molecule, as shown in Table III . The high-resolution of the matrix-isolation spectra of HCFC-133a now obtained Infrared spectra of HCFC-133a isolated in argon (mid panel) and xenon (top) matrices (matrix to solute ratio of ∼1000; deposition temperatures of 11 and 13 K, respectively) and MP2/aug-cc-pVTZ calculated IR spectrum for the minimum energy conformation of the molecule (bottom). The calculated spectrum was simulated using Lorentzian functions with fullwidth-at-half-maximum (FWHM) of 2 cm −1 and centered at the MP2/augcc-pVTZ wavenumber scaled by 0.975; intensities in the calculated spectrum were normalized (to unity) by the calculated intensity of the most intense band.
allowed observation of the bands due to the two chlorine isotopologues of the compound, as shown in Figure 3 (see also  Table III) . Below 600 cm −1 , low intensity bands ascribable to the δCF 2 and γ CF 2 modes were observed in argon matrix, while the low intensity νCH 2 symmetric vibration was observed in this matrix at 2985.4 cm −1 . On the other hand, in the xenon matrix spectrum, from these 3 low intensity vibrations only the first, more intense one could be observed (at 535.2 cm −1 ; see Table III ). Table IV shows the results obtained for the 11 singlet states studied in this article. Six states have A symmetry, while five have A symmetry. As aforementioned, each (A , A ) pair (excluding the ground state) is quasi-degenerate, as a result of the quasi-equivalence between the n x and n y chlorine lone pairs. The results shown in Table IV tation values at the CASSCF, MR-CISD, and MR-CISD+Q levels obtained with the mixed aug-cc-pVDZ (C, F, H)/daug-cc-pVDZ (Cl) basis set. Previous preliminary results obtained for the CF 3 Cl molecule indicated that such basis set is flexible enough to yield results in very good agreement with those obtained with the larger aug -cc-pVTZ(C,F)/d -aug-ccpVTZ(Cl) basis set. 19 For instance, at the CASSCF level the excitation energies differ by at most 0.19 eV, while at the MR-CISD and MR-CISD+Q levels the differences are even smaller, that is, of at most 0.01 and 0.04 eV, respectively.
C. Excited states calculations
As it can be seen in Table IV the r  2 values at the CASSCF level already show the much larger diffuseness of the Rydberg states as compared to the ground state. However, at this level there is also a great admixture between valence (nσ * ) and two Rydberg states (n y 4p z and n x 4p z ; see Table IV) . Consequently, the distinction between valence and Rydberg states based solely on the r 2 values is not straightforward at the CASSCF level. Upon inclusion of dynamic electron correlation at the MR-CISD level, the nature of the excited states changes drastically and the admixture between valence and Rydberg states is significantly reduced (see Table IV ), a behavior also found in case of the CF 3 Cl molecule. 19 For Upon inclusion of dynamic electron correlation, the vertical excitation energies increase between 0.31 and 0.60 eV, which indicates that such effect is very important for the description of both valence and Rydberg states in the studied molecule. The smallest and the largest effects are obtained for the n y -σ and the n y -4p x states, respectively. On the other hand, the effect of including extensivity corrections at the MR-CISD+Q level is not uniform, that is, for the Rydberg states there is an increase while for the valence states the excitation energies decrease, although the effect is almost negligible for the latter states (see Table IV ). However, even for the Rydberg states such effect is small, leading to differences not larger than 0.20 eV (obtained for the n y -4p x state, see Table IV ).
The calculated ionization energy of the HCFC-133a molecule at the CBS level is 12.25 eV, i.e., about 0.7 eV lower than the ionization energy of the Cl atom. 27, 57 The average quantum defects for the n-4s and n-4p Rydberg states, obtained through fitting of the vertical excitation energies calculated at the MR-CISD+Q level to the Rydberg formula (see Sec. II A) are 2.13 and 1.79, respectively, in good agreement with the corresponding values of 2.09 and 1.68 reported for the Cl atom. 27, 57 Although the values of the oscillator strength significantly change upon inclusion of dynamic electron correlation some trends are maintained. For instance, at both CASSCF and MR-CISD levels the most intense transitions (considering only electronic effects) are gs → n y -4s and gs → n x -4s, a trend also found previously for CF 3 Cl. 19 The two methods also agree concerning the weakest transitions, i.e., gs → n y4p x and the gs → n y -σ * , although at the CASSCF level the latter transition is highly mixed with the gs → n y -4p z transition (see Table IV ).
Despite the absorption spectrum of HCFC-133a for wavelengths smaller than 160 nm (7.75 eV) is not available, Hubrich and Stuhl 58 have published the absorption cross sections of the compound in the range 160-260 nm (7.75-4.77 eV). Their results show a rapid decrease of intensity as the wavelength increases. According to our highest level results (MR-CISD+Q level, see Table IV ) most of the transitions in the 160-260 nm range should correspond to rovibrational transitions within the ground state, although no fine structure has been detected.
Preliminary tests carried out with the same active space used in this study indicate that the next excited state is at least 1.8 eV higher in energy than the n y -4p z state. Therefore, the photolyses at 147 nm (8.43 eV) and 123.6 nm (10.03 eV) performed by Ichimura et al. 17 are unlikely to start in this higher energy state. Based solely on the energy criterion, our results indicate that the photolysis at 147 nm can be initiated at both the n y -4s and n x -4s Rydberg states, or at a high vibrational level of both the n y -σ * and n x -σ * valence states (see Table IV ). The inclusion of the n y -4s Rydberg state on this analysis is based on the three lowest energy (99.6, 181.2 and 345.4 cm −1 , see Table III ) vibrational modes calculated for the HCFC-133a molecule, although for the excited states these frequencies should change somehow. However, since the oscillator strengths of the gs → n-4s transitions are at least 15 times higher than the gs → n-σ * transitions (see Table IV ) and the n-4s absorption bands of CFCs and HCFCs derivatives of methane have much higher intensities 59, 60 than the n-σ bands, one can conclude that the HCFC-133a photolysis at 147 nm is likely to be initiated at the n-4s Rydberg states. Besides, since carbon-halogen bond cleavage also occurs at 147 nm 17 and the n-σ * states are likely to be responsible for such cleavage, the potential energy surfaces of the n-σ * and the n-4s states should cross. Our highest level results concerning vertical excitation energies indicate that the photolysis at 123.6 nm can be initiated at either the n-4s or n-4p Rydberg states. However, results of the photoabsorption cross section obtained by Suto and Lee 59 for a band of the CF 3 Cl molecule in the region between ∼10 and 11 eV indicate that it should be assigned to an n-4p transition. If one assumes a similar behavior for the HCFC-133a molecule (taking into account that this band should be split due to the lower symmetry of this molecule) the photolysis at 123.6 nm is likely to be initiated at one or more n-4p Rydberg states. If this is so, the FranckCondon factors concerning vibronic transitions in this region should be considerably higher for the n-4p transitions than for the n-4s transitions, in order to compensate for the lower oscillator strengths of the former (see Table IV ). If one assumes now similar Franck-Condon factors for the set of n-4p transitions, the most intense transitions should be (in order of decreasing intensity) n y -4p z , n x -4p y , n x -4p x , and n y -4p y . The remaining two n-4p transitions (which are of A symmetry) have considerably lower oscillator strengths (see Table IV ). Ichimura et al. 17 observed a decrease in carbon-halogen bond fission as the wavelength decreases from 147 to 123.6 nm. Then, since the n-σ * transitions are likely to be responsible for such bond fission this result indicates that this cleavage may be partially quenched by one or more n-4p Rydberg states.
IV. CONCLUSION
The matrix-isolation infrared spectroscopic technique has been used to investigate, for the first time, the spectra and structure of monomeric HCFC-133a. The calculated infrared spectrum, obtained at the MP2/aug-cc-pVTZ level, was found to be in excellent agreement with the experimental data, allowing a detailed assignment of the observed spectra in both argon and xenon matrices, including identification of bands due to different isotopologues ( 35 Cl and 37 Cl containing molecules).
Additionally, high level (CASSCF, MR-CISD, and MR-CISD+Q) excited state calculations have been performed on the studied molecule in order to assess the nature of the excited states involved in the photolyses of HCFC-133a at 147 and 123.6 nm 17 . Our highest level results concerning vertical excitation energies, along with the values of oscillator strengths and previous results obtained for CFCs and HCFCs, suggest that the photolyses at 147 and 123.6 nm are likely to be initiated in the n-4s and n-4p Rydberg states, respectively. 
